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RELAZIONE	
	
Background	
Exposure	 to	 stress	 has	 a	 critical	 role	 for	 the	 onset	 of	 psychiatric	 disorders,	 although	 the	 outcome	 may	
depend	 upon	 a	 number	 of	 variables,	 including	 timing	 and	 duration	 of	 the	 adverse	 experience.	With	 this	
respect,	early	life	is	particularly	challenging	since	stress	during	this	time	frame	may	alter	the	correct	program	
of	brain	maturation	thus	leading	to	a	variety	of	long-term	changes	relevant	for	disease	susceptibility.		
Within	this	frame,	epigenetic	mechanisms	–	an	array	of	potentially	reversible	mechanisms	that	involve	DNA	
methylation,	post-translational	modifications	of	histone	proteins	and	microRNA-mediated	regulation	of	gene	
expression	–	seem	to	play	an	important	role	in	keeping	the	memory	of	early	adversities,	thus	resulting	in	a	
series	of	morphological	and	functional	changes	affecting	adult	behaviour	later	in	life	(Bale,	2014,	2015;	Chen	
and	Baram,	2015).	
Animal	models	may	be	particularly	useful	to	address	this	issue,	considering	that	timing	and	intensity	of	stress	
exposure	may	be	easily	controlled.	A	well-characterized	paradigm	of	early	 life	adversities	 is	represented	by	
the	 prenatal	 stress	 (PNS)	model,	which	 relies	 on	 the	 exposure	 of	 pregnant	 dams	 to	 stress	 during	 the	 last	
week	of	gestation.	PNS	exposure	determines	a	wide	spectrum	of	alterations	 in	different	systems	known	to	
be	 affected	 in	 psychiatric	 conditions,	 including	 a	 dysregulation	 of	 the	 HPA	 axis	 and	 altered	 stress	
responsiveness	 (Brunton	 and	 Russell,	 2010;	 Maccari	 et	 al.,	 1995),	 the	 emergence	 of	 an	 anxious	 and	
depressive	 phenotypes,	 as	 well	 as	 deficits	 of	 neuronal	 plasticity	 (Fumagalli	 et	 al.,	 2007;	 Marrocco	 et	 al.,	
2012).	
Indeed,	using	a	whole	genome	approach	(MeDIP-chip),	we	have	previously	demonstrated	that	exposure	to	
prenatal	stress	(PNS)	in	rats	produces	widespread	alterations	of	DNA	methylation	patterns	in	the	adult	brain	
which	resemble	those	found,	both	at	peripheral	and	at	central	level,	in	humans	and	in	non-human	primates	
exposed	to	early	life	stress	(Nieratschker	et	al.,	2014).	These	findings	strengthen	the	high	validity	of	the	PNS	
model	in	rats	and	its	translational	potential.	
We	subsequently	used	the	PNS	model	to	investigate	whole	genome	methylation	changes	that	persisted	into	
adulthood	 specifically	 focusing	 on	 the	 changes	 occurring	 in	 the	 prefrontal	 cortex	 (PFC)	 and	 hippocampus	
(HIP),	 in	 both	male	 and	 female	 rats.	 Using	 this	 approach,	we	 identified	 a	 large	 set	 of	 genes	 differentially	
methylated	as	a	consequence	of	PNS	in	the	PFC	and	in	the	HIP	of	both	genders.	We	focused	our	attention	on	
genes	 whose	 methylation	 changes	 were	 located	 in	 the	 promoter	 region	 and	 that	 were	 affected	 in	 both	
regions	and	genders.	
Among	these	genes,	we	identified	mir-30a,	which	represents	a	promising	target	to	be	investigated	in	mental	
illness.	 Indeed,	 mir-30a	 has	 been	 previously	 associated	 with	 schizophrenia	 (Beveridge	 and	 Cairns,	 2012;	
Mellios	and	Sur,	2012).	Furthermore,	several	studies	have	shown	that	miR-30a-5p	regulates	the	expression	
of	 Bdnf,	 a	 neurotrophic	 factor	 whose	 alterations	 have	 been	 implicated	 in	 a	 plethora	 of	 neuropsychiatric	



																																																															 	
disorders.	Thus,	the	possibility	exists	that	mir-30a	may	represent	an	important	link	between	early	life	stress	
and	psychopathology.	
Based	on	these	premises,	during	the	first	six	months	of	the	SIF-MSD	Italia	fellowship,	we	first	characterized	
the	expression	of	miR-30a-5p,	together	with	the	expression	of	the	other	microRNA	that	originates	from	the	
transcription	of	mir-30a,	miR-30a-3p.	Subsequently,	using	 in	 silico	 tools,	we	 identified	 the	validated	mRNA	
targets	of	miR-30a-5p	and	we	performed	gene	ontology	analysis	using	Ingenuity	Pathway	Analysis	software.	
Moreover,	we	selected	some	of	 the	predicted	target	genes	of	miR-30a-5p	and	evaluated	their	modulation	
both	at	mRNA	and	protein	levels,	in	order	to	establish	the	role	of	mir-30a	as	a	master	regulator	of	systems	
and	 pathways	 involved	 in	 psychiatric	 disorders.	 Finally,	 we	 tested	 whether	 these	 alterations	 were	 also	
present	in	another	well-validated	model	of	stress-related	disorder,	the	chronic	mild	stress	model	in	rats.	
	
Material	and	Methods	
• Rats	and	prenatal	stress	procedure	
Nulliparous	 adult	 female	 (body	weight	 230–260 g)	 and	male	 (400 g)	 Sprague-Dawley	 rats	were	 purchased	
from	a	commercial	breeder	(Charles	River,	Calco,	Italy).	Upon	arrival,	they	were	pair-housed	with	a	same-sex	
conspecific	 with	 food	 and	water	 available	 ad	 libitum	 (21±1 °C,	 60±10%	 relative	 humidity,	 regular	 12/12 h	
light/dark	 cycle).	 All	 animal	 experiments	 were	 conducted	 according	 to	 the	 authorization	 from	 the	 Health	
Ministry	 n.	 295/2012-A	 (20/12/2012),	 in	 full	 accordance	 with	 the	 Italian	 legislation	 on	 animal	
experimentation	 (Decreto	 Legislativo	116/92)	 and	adherent	 to	EU	 recommendation	 (EEC	Council	Directive	
86/609).	All	efforts	were	made	to	minimize	animal	suffering	and	to	reduce	the	total	number	of	animals	used,	
while	maintaining	statistically	valid	group	numbers.	
After	 10	days	of	 habituation	 in	 the	 facility,	 rats	were	mated	 for	 24 h	and	 individually	 housed	 immediately	
thereafter.	Pregnant	 females	were	 randomly	assigned	 to	 control	 (Ctrl)	or	prenatal	 stress	 (PNS)	 conditions.	
PNS	 consisted	 of	 restraining	 pregnant	 dams	 in	 a	 transparent	 Plexiglas	 cylinder	 (7.5 cm	 diameter,	 19 cm	
length)	under	bright	light	for	45 min	three	times	daily	from	gestation	day	(GD)	14	until	delivery	(Luoni	et	al.,	
2014;	Maccari	et	al.,	1995).	PNS	sessions	were	separated	by	2–3 h	intervals	and	conducted	at	varying	periods	
of	 the	 day	 in	 order	 to	 reduce	 habituation.	 Ctrl	 rats	were	 left	 undisturbed.	Molecular	 analyses	 have	 been	
performed	 on	 pups	 at	 postnatal	 day	 (PND)	 62,	 which	 roughly	 corresponds	 to	 late	 adolescence-early	
adulthood.	
	
• Rats	and	chronic	mild	stress	procedure	
Adult	male	Wistar	 rats	 (Charles	 River,	 Germany)	were	 brought	 into	 the	 laboratory	 one	month	 before	 the	
start	of	the	experiment.	The	animals	were	singly	housed	with	food	and	water	available	ad	libitum,	and	were	
maintained	on	a	12-h	light/dark	cycle	in	a	constant	temperature	(22±2oC)	and	humidity	(50±5%)	conditions.	
All	procedures	used	 in	 this	study	were	conducted	according	to	 the	rules	and	principles	of	 the	2010/63/EU	
Directive,	 were	 approved	 by	 the	 Local	 Bioethical	 Committee	 at	 the	 Institute	 of	 Pharmacology,	 Polish	
Academy	of	Sciences,	Krakow,	Poland,	and	are	adherent	 to	 the	National	 Institutes	of	Health	Guide	 for	 the	
Care	and	Use	of	Laboratory	Animals.	All	efforts	were	made	to	minimize	animal	suffering	and	to	reduce	the	
total	number	of	animals	used,	while	maintaining	statistically	valid	group	numbers.	
After	a	period	of	adaptation	to	laboratory	and	housing	conditions,	one	group	of	animals	was	subjected	to	a	
well-established	 chronic	 mild	 stress	 procedure	 (CMS	 group)	 (Pochwat	 et	 al.,	 2014;	 Willner,	 2005),	 while	
control	animals	(Ctrl),	were	housed	in	separate	rooms	and	had	no	contact	with	the	CMS	group.	Each	week	
(for	a	total	of	seven	weeks)	of	the	stress	regime	consisted	of	two	periods	of	food	or	water	deprivation,	two	
periods	 of	 45	 degrees	 cage	 tilt,	 two	 periods	 of	 intermittent	 illumination	 (lights	 on	 and	 off	 every	 2h),	 two	
periods	of	soiled	cage	(250	ml	water	in	sawdust	bedding),	one	period	of	paired	housing,	two	periods	of	low	



																																																															 	
intensity	stroboscopic	illumination	(150	flashes/min)	and	three	periods	of	no	stress.	All	stressors	lasted	10-14	
h	and	were	applied	individually	and	continuously,	day	and	night.	Molecular	analyses	have	been	performed	in	
the	prefrontal	cortex	(PFC)	of	rats	sacrificed	24	h	after	the	last	stress	exposure.	
	
• Brain	structure	dissection	and	DNA/RNA	purification	
After	decapitation,	brain	tissues	were	dissected,	immediately	frozen	on	dry	ice	and	stored	at	-80°C	for	later	
analyses.	Dissections	were	performed	according	to	the	atlas	of	(Paxinos	and	Watson,	1996).	In	detail,	the	PFC	
was	 dissected	 from	 2-mm	 thick	 slices	 (PFC	 defined	 as	 Cg1,	 Cg3,	 and	 IL	 sub-regions	 corresponding	 to	 the	
plates	6–9),	while	the	HIP	was	dissected	from	the	whole	brain.	While	specimen	derived	from	one	of	the	two	
hemispheres	were	 used	 for	 protein	 extraction	 (see	 below),	 the	 isolation	 of	 DNA	 and	 RNA	 from	 the	 other	
hemisphere	was	performed	using	AllPrep	DNA/RNA	Mini	 kit	 (Qiagen,	Milan,	 Italy),	 in	 accordance	with	 the	
instructions	of	the	manufacturer.	
	
• QRT-PCR	and	analysis	of	mRNA	levels	
Total	RNA	was	quantified	by	spectrophotometric	analysis	 (NanoDrop,	Thermo	Scientific)	and	samples	were	
processed	for	real-time	polymerase	chain	reaction	(qPCR)	to	assess	mRNA	levels.	An	aliquot	of	each	sample	
was	treated	with	DNase	to	avoid	DNA	contamination.	
RNA	was	analysed	by	TaqMan	qRT-PCR	instrument	(CFX384	real	time	system,	Bio-Rad	Laboratories)	using	the	
iScriptTM	one-step	RT-PCR	kit	 for	probes	 (Bio-Rad	Laboratories).	 Samples	were	 run	 in	384	well	 formats	 in	
triplicate	as	multiplexed	reactions	with	a	normalizing	internal	control	(ß-Actin).	
Probe	 and	 primer	 sequences	 of	 ß-Actin	 (Forward	 Primer:	 CACTTTCTACAATGAGCTGCG;	 Reverse	 Primer:	
CTGGATGGCTACGTACATGG;	 Taqman	 Probe:	 TCTGGGTCATCTTTTCACGGTTGGC),	 Hdac1	 (Forward	 Primer:	
GGCTATACCATCCGTAATGTCG;	 Reverse	 Primer:	 TTGGAAGGGCTGATGTGAAG;	 Taqman	 Probe:	
TGGACACAGAGATCCCTAATGAGCTACC),	 Sept7	 (Forward	 Primer:	 AAGAAGGTGGCGTTCAGTTG;	 Reverse	
Primer:	 CGTCTGTTCACTCGAGATTCTG;	 Taqman	 Probe:	 GGCAGCCTGTTATCGACTACATTG)	 and	 Slc12a2	
(Forward	 Primer:	 GCATTCAATCCGTCTTTCTGG;	 Reverse	 Primer:	 GGCCACAGATCATTAAACCAAC;	 Taqman	
Probe:	AGTAAAGCAGGCCGTGAGTTTGGA)	were	purchased	from	Eurofins	Genomics	(Vimodrone,	Italy),	while	
Bdnf	long	3’-UTR	was	purchased	from	Life	Technologies	(Monza,	Italy).	
Thermal	cycling	was	initiated	with	an	incubation	at	50°C	for	10	min	(RNA	retrotranscription)	and	then	at	95°C	
for	5	min	(TaqMan	polymerase	activation).	After	this	initial	step,	39	cycles	of	PCR	were	performed.	Each	PCR	
cycle	consisted	of	heating	the	samples	at	95°C	for	10	s	to	enable	the	melting	process	and	then	for	30	s	at	
60°C	for	the	annealing	and	extension	reaction.	Relative	target	gene	expression	was	calculated	according	to	
the	 2(-ΔΔCt)	 method.	 Data	 are	 expressed	 as	 group	 means	 ±	 SEM.	 To	 test	 for	 statistical	 significance,	 the	
Student’s	t	test	was	used	(two-tailed).	A	probability	level	of	p<0.05	was	taken	as	significant	in	every	test.		
	
• MicroRNA-specific	real	time	PCR	(miR-qRT-PCR)	
The	miRCURY	LNA	microRNA	PCR	System	(Exiqon)	was	used	for	quantification	of	microRNA	expression	in	the	
rat	RNA	samples,	in	full	accordance	with	the	manufacturer’s	instructions.	Briefly,	2	μl	of	total	RNA	(5	ng/μl)	
were	retro-transcribed	using	Universal	cDNA	synthesis	kit	II	(Exiqon,	product	#203301).	Next,	cDNA	template	
was	diluted	80x	and	analysed	by	CFX384	real	time	system	(Bio-Rad	Laboratories)	using	ExiLENT	SYBR®	Green	
master	mix	(Exiqon	product	#203402).		
LNATM	PCR	primers	sets	were	used	to	quantify	hsa-miR-30a-5p	(Exiqon,	product	#205695),	hsa-miR-30a-3p	
(Exiqon,	product	#204457),	U6	snRNA	(Exiqon,	product	#203907)	and	RNU5G	(Exiqon,	product	#203908).	
Thermal	 cycling	was	 initiated	with	an	 incubation	at	95°C	 for	10	min	 (polymerase	activation/denaturation),	
followed	by	 40	 cycles	 of	 PCR.	 Each	PCR	 cycle	 consisted	of	 heating	 the	 samples	 at	 95°C	 for	 10	 s	 and	 then	



																																																															 	
cooling	 for	 1	 min	 at	 60°C	 (ramp-rate	 1.6°C/s).	 After	 40	 cycles	 of	 PCR,	 melting	 curve	 analysis	 of	 the	 PCR	
product	has	been	performed,	to	verify	specificity	and	identity	of	the	amplification	reaction.	
Samples	were	run	in	384	well	formats	in	triplicate	as	simplex	reactions.	Relative	hsa-miR-30a-5p	expression	
was	calculated	using	the	2(-ΔΔCt)	method	using	U6	snRNA	and	RNU5G	as	reference	genes.	Data	are	expressed	
as	 group	 means	 ±	 SEM.	 To	 test	 for	 statistical	 significance,	 the	 two-tailed	 Student’s	 t	 test	 was	 used.	 A	
probability	level	of	p<0.05	was	taken	as	significant	in	every	test.	
	
• Protein	preparation	and	western	blot	analysis	
Male	PFC	were	homogenized	in	a	glass–glass	potter	in	ice-cold	0.32	M	sucrose	buffer	(pH	7.4)	containing	1	
mM	Hepes,	0.1	mM	EGTA	and	0.1	mM	PMSF,	 in	the	presence	of	commercial	cocktails	of	protease	(Roche)	
and	phosphatase	 (Sigma-Aldrich)	 inhibitors	and	the	total	homogenate	was	obtained.	The	homogenate	was	
clarified	 at	 1000	g	 for	 10	min.	 The	 resulting	 supernatant	was	 then	 centrifuged	 at	 9000	g	 for	 15	min.	 The	
supernatant	 was	 discarded	 while	 the	 pellet	 (P2),	 corresponding	 to	 the	 crude	 membrane	 fraction,	 was	
resuspended	in	a	buffer	(20	mM	HEPES,	0.1	mM	dithiothreitol,	0.1	mM	EGTA)	supplemented	with	protease	
and	 phosphatase	 inhibitors.	 Total	 protein	 content	was	measured	 according	 to	 the	 Bradford	 Protein	Assay	
procedure	(Bio-Rad),	using	bovine	serum	albumin	as	calibration	standard.	
Protein	analyses	were	performed	on	total	homogenate	or	P2	fraction	(for	BDNF).	Equal	amounts	of	protein	
were	run	under	 reducing	conditions	on	SDS–polyacrylamide	gels	 (10%	SDS–PAGE).	The	blots	were	blocked	
with	 10%	 non-fat	 dry	 milk	 and	 then	 incubated	 with	 the	 primary	 antibodies	 overnight	 at	 4°C	 (1:500).	
Membranes	were	 then	 incubated	 for	1	h	at	 room	 temperature	and	 immunocomplexes	were	visualized	by	
chemiluminescence	 using	 the	 LiteAblot®	 PLUS	 (Euroclone).	 Results	 were	 standardized	 using	 β-Actin	 as	
control	protein,	which	was	detected	by	evaluating	the	band	density	at	43	kDa	after	probing	the	membranes	
with	 a	 polyclonal	 antibody	 (1:10000)	 followed	by	 a	 1:10000	dilution	of	 peroxidase-conjugated	 anti-mouse	
IgG.	Data	are	expressed	as	group	means	±	SEM.	To	test	 for	statistical	significance,	the	Student’s	t	 test	was	
used	(two-tailed).	A	probability	level	of	p<0.05	was	taken	as	significant	in	every	test.	
	 	



																																																															 	
Preliminary	results	
As	 shown	 in	 Fig.	 1,	 our	 previous	 genome-wide	 DNA	 methylation	 analysis	 performed	 in	 rats	 at	 PND62	
identified	138	genes	commonly	affected	in	the	HIP	and	PFC	of	male	and	female	rats	after	exposure	to	PNS,	
through	changes	 in	 the	methylation	status	of	 their	promoter.	We	focused	our	analysis	on	miR-30a,	whose	
promoter	was	hypo-methylated	 in	PNS	rats	 in	all	 the	conditions	took	 into	consideration	(both	genders	and	
brain	regions).		

	
Figure	1:	Venn	diagram	showing	the	overlap	of	the	number	of	differentially	methylated	genes	at	PND62,	around	the	TSS	

(-2000	+500	bp),	in	the	hippocampus	(HIP)	and	prefrontal	cortex	(PFC)	following	exposure	to	prenatal	stress.		
	

By	using	UCSC	genome	browser,	we	examined	the	locus	of	mir-30a.	As	shown	in	Fig.	2,	both	male	and	female	
rats	 showed	 a	 mixed	 mean	 methylation	 pattern	 upstream	 mir-30a	 transcription	 start	 site	 (TSS).	
Nevertheless,	for	the	probes	found	to	be	significantly	affected	by	the	prenatal	manipulation	(red	rectangles),	
the	direction	of	the	methylation	changes	(PNS	minus	Ctrl)	was	negative	(grey	bars	going	down),	indicating	a	
hypo-methylated	status	of	mir-30a	promoter	region	in	PNS	rats	(both	regions	and	genders),	as	compared	to	
Ctrl	animals.		
	

	
Figure	2:	Expanded	view	from	the	UCSC	genome	browser	at	the	rat	mir-30a	gene	location.	Grey	bars	indicate	probes	

more	methylated	in	Ctrl	rats,	while	black	bars	represent	probes	more	methylated	in	PNS	rats.	The	two	lower	tracks	show	
mir-30a	gene	location	taken	from	NCBI	Reference	Sequence	Database	(RefSeq)	and	from	NIH	genetic	sequence	database	

(GenBank®).	



																																																															 	
	
In	order	 to	 test	 the	possibility	 that	 the	changes	around	 the	TSS	may	 impact	mir-30a	expression	 levels,	we	
investigated	 the	 expression	 of	 the	 two	 mature	 microRNA	 isoforms	 that	 can	 be	 originated	 from	 mir-30a	
biogenesis,	 namely	 miR-30a-5p	 and	miR-30a-3p.	 First,	 we	 observed	 that	 the	 expression	 of	 miR-30a-5p	 is	
about	5-fold	and	3-4	fold	higher	than	the	levels	of	miR-30a-3p,	respectively	in	the	PFC	and	HIP	of	adult	rats	
of	 both	 genders	 (Fig.	 3).	 Moreover,	 in	 agreement	 with	 the	 methylation	 changes,	 we	 found	 that	 the	
expression	of	miR-30a-5p	was	up-regulated	in	the	male	PFC	(+27%,	p<0.05),	as	well	as	in	the	female	(+42%,	
p<0.05)	and	male	(+38%,	p<0.05)	HIP,	but	not	 in	the	female	PFC	(p=0.97)	(Fig.	3).	 It	 is	 interesting	to	notice	
that	the	increased	miR-30a-5p	expression	is	observed	in	the	conditions	where	the	DNA	hypo-methylation	in	
PNS	 rats	 occurred	 at	 the	 genomic	 location	 chr9:22142844-22142903	 (-15	 bp	 upstream	 to	 the	 TSS),	 at	 a	
difference	from	the	PFC	of	PNS	females	where	the	reduced	methylation	in	PNS	rats	occurred	in	an	upstream	
location	(about	-700	bp	upstream	to	the	TSS).		

	
Figure	3:	Validation	of	miR-30a-5p	and	miR-30a-3p	expression	levels.	The	panels	on	the	left,	obtained	from	UCSC	

genome	browser,	depict	the	regions	around	the	TSS	of	mir-30a	whose	methylation	status	is	significantly	different	as	a	
consequence	of	PNS	in	the	PFC	and	HIP	of	male	and	female	rats	at	PND62.	Respectively,	on	the	right,	the	bar	graphs	
show	the	qRT-PCR	results	for	miR-30a-5p	and	miR-30a-3p,	represented	as	percentage	changes	vs.	miR-30a-3p	basal	

levels	in	Ctrl,	set	at	100%.	*p<0.05	
	

In	order	to	 identify	molecules	that	may	be	affected	as	a	consequence	of	 the	altered	methylation	status	of	
mir-30a	and	altered	expression	 levels	of	miR-30a-5p	 in	PNS	rats,	we	used	a	miRNA	database	that	provides	
evidence	for	experimentally	validated	miRNA-target	interactions,	namely	miRTarBase	(release	September	15,	
2015,	 version	 6,	 Chou	 et	 al.,	 2016).	 In	 particular,	 since	 miR-30a-5p	 seed	 sequence	 has	 100%	 homology	
between	Rattus	Norvegicus	and	Homo	sapiens	and	the	whole	identity	between	the	two	sequences	is	of	97%	
(Fig.	4),	we	considered	as	result	of	this	analysis	the	validated	targets	of	miR-30a-5p	in	both	species.		

	
Figure	4:	Alignment	of	the	DNA	sequence	for	miR-30a	in	Rattus	Norvegicus	(rno)	and	Homo	Sapiens	(hsa)	(arrows).	The	
green	shadow	on	the	right	indicates	the	sequence	originating	miR-30a-3p,	while	the	blue	shadow	on	the	left	highlights	

the	sequence	of	miR-30a-5p	and	its	seed	region	(in	red).	Data	were	obtained	from	(http://blast.ncbi.nlm.nih.gov).	
	



																																																															 	
We	 next	 used	 Ingenuity	 Pathway	 Analysis	 (IPA)	 (http://www.ingenuity.com/products/ipa)	 to	 identify	
pathways	 that	 may	 be	 significantly	 altered	 as	 a	 consequence	 of	 miR-30a-5p	 changes	 on	 its	 downstream	
validated	 targets	 (Fig.	 5).	 Consistent	 with	 the	 idea	 that	 early	 life	 stress	 exposure	 may	 lead	 to	 persistent	
changes	 in	 the	 HPA	 axis	 activation	 and	 in	 neuronal	 plasticity	 mechanisms	 (Lupien	 et	 al.,	 2009),	 the	
glucocorticoid	 receptor	 signaling	 (-log	 (p-value)=4.82)	 and	 the	 neurotrophin/TRK	 signaling	 (-log	 (p-
value)=4.20)	 pathways	 were	 highly	 significantly	 represented.	 Moreover,	 in	 line	 with	 the	 inflammatory	
hypothesis	of	Major	Depressive	Disorder	(Dantzer	et	al.,	2008),	we	found	a	significant	inflammatory-related	
signaling	pathway,	 involving	 IL-8	signaling	(-log(p-value)=4.41)	among	the	genes	modulated	by	miR-30a-5p.	
All	these	pathways	may	therefore	represent	important	mediators	of	long-term	stress-associated	disease.	
	

	
Figure	5:	Top	30	significant	pathways	associated	with	target	mRNAs	of	miR-30a-5p	

	

	
We	 next	 decided	 to	 analyze,	 in	 a	 second	 cohort	 of	 PNS	 rats,	 the	 modulation	 of	 some	 candidate	 mRNA	
targets,	namely	Bdnf,	Hdac1,	Sept7	and	Slc12a2	that	may	be	regulated	by	miR-30a-5p,	in	order	to	establish	
potential	 alterations	 in	 their	 expression	 as	 a	 consequence	 of	 PNS	 exposure.	 We	 performed	 this	 target	
analysis	at	PND62	on	the	male	PFC	because	of	the	key	role	for	this	region	in	mental	illness	(Kolb	et	al.,	2012;	
Paus	et	al.,	2008).	
As	shown	in	Fig.	6,	PNS	again	led	to	an	increased	in	the	expression	of	miR-30a-5p	in	the	PFC	of	male	rats	at	
PND62	 (+69%,	 p<0.05).	 Moreover,	 we	 found	 that	 while	 HDAC1	 and	 SEPT7	 were	 not	 modulated	 by	
gestational	stress	at	mRNA	and	protein	 levels,	 the	mRNA	and	protein	expression	of	BDNF	was	significantly	
down-regulated	 by	 PNS	 (Bdnf	 long	 3’-UTR:	 -22%,	p<0.001;	mBDNF:	 -36%,	p<0.05),	 while	 only	 the	 protein	
levels	of	NKCC1	were	significantly	down-regulated	(-27%,	p<0.05).	



																																																															 	

	
Figure	6:	Modulation	of	miR-30a-5p,	BDNF,	HDAC1,	NKCC1	and	SEPT7	mRNA	and	protein	levels	in	the	PFC	of	male	rats	

at	PND62	following	exposure	to	prenatal	stress.	The	data	are	expressed	as	a	percentage	of	Ctrl	rats	set	at	100%.	
*p<0.05	and	***p<0.001	

	
To	further	understand	the	involvement	of	miR-30a-5p	in	psychiatric	disorders,	we	investigated	its	expression	
in	another	well-validated	animal	model	of	 stress-related	disorders,	 the	chronic-mild	 stress	 (CMS)	model	 in	
rats.	As	shown	 in	Fig.	7,	miR-30a-5p	was	not	altered	by	chronic	exposure	to	stress	at	adulthood,	while	we	
observed	a	significant	down-regulation	of	 its	well-validated	target,	BDNF	(Bdnf	 long	3’-UTR:	-29%,	p<0.001;	
mBDNF:	-29%,	p=0.051).	

	
Figure	7:	Modulation	of	miR-30a-5p	and	BDNF	in	the	PFC	of	male	adult	rats	following	the	exposure	for	7	weeks	to	
chronic	mild	stress	(CMS).	The	data	are	expressed	as	a	percentage	of	Ctrl	rats	set	at	100%.	***p<0.001			vs.	Ctrl	



																																																															 	
Brief	discussion	

The	results	obtained	during	the	first	six	months	of	the	SIF-MSD	Italia	fellowship	showed	that	miR-30a	may	be	
a	potential	mediator	for	long-term	changes	brought	about	by	early-life	stress.	Indeed,	exposure	to	prenatal	
stress	 produces	 a	 persistent	 up-regulation	 of	 miR-30a,	 likely	 sustained	 by	 epigenetic	 mechanisms,	
particularly	 DNA	 methylation.	 We	 found	 that	 a	 specific	 locus	 in	 the	 promoter	 region	 of	 miR-30a	 is	
responsible	for	the	transcriptional	regulation	of	this	gene.	We	also	found	that,	among	the	two	downstream	
products	of	 the	miR-30a	gene,	 the	expression	of	miR-30a-5p	 is	 significantly	affected,	and	 its	dysregulation	
may	 have	 detrimental	 consequences	 on	 important	 genes	 and	 pathways	 involved	 in	 psychiatric	 disorders,	
including	the	neurotrophin	BDNF.	Moreover,	changes	of	miR-30a-5p	appears	 to	be	specific	 for	early	 in	 life	
stress.	 Indeed,	 we	 found	 that	 exposure	 to	 chronic	 stress	 at	 adulthood	 was	 not	 able	 to	 alter	 miR-30a-5p	
expression,	 although	we	 found	 changes	 in	one	of	 its	 validated	 target	 genes,	Bdnf,	 suggesting	 that	 chronic	
stress	exposure	might	regulate	BDNF	levels	through	different	mechanisms.	
Future	 experiments	will	 examine	 the	 possible	 role	 of	 a	 pharmacological	 treatment	 during	 adolescence	 to	
prevent	 the	 alterations	 observed	 in	 adult	 rats	 exposed	 to	 prenatal	 stress.	 Moreover,	 thanks	 to	 a	
collaboration	with	Professor	Cyndi	Shannon	Weickert	(Neuroscience	Research	Australia),	we	have	access	to	
different	post-mortem	specimen	of	subjects	affected	by	schizophrenia/schizoaffective	disorder	(Weickert	et	
al.,	2010),	a	psychiatric	disorder	with	a	known	developmental	origin.	In	these	samples,	we	are	now	analysing	
the	 expression	 levels	 of	 our	 candidate	 microRNA,	 miR-30a-5p,	 and	 of	 its	 downstream	 validated	 mRNA	
targets,	 in	order	 to	 gain	more	 insight	 into	 the	 relationship	between	 this	microRNA	and	 the	emergence	of	
stress-related	and	neurodevelopmental	pathologies.	
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